Supplementary Figures and Discussions
G-quadruplexes (G4s) and i-motifs share a common feature that they both have the ability to binding many fluorescent ligands (1) (2) (3) (4) (5) (6) , such as the molecular rotor thioflavin T (ThT) (6) . Free ThT has very week fluorescence due to twisted internal charge-transfer (7) , while it displays a dramatically enhanced fluorescence when the intramolecular rotation is restricted by the interactions with DNAs (3). Importantly, ThT is able to bind both G4s and i-motifs, and hence chosen to make a brief comparison between these two kinds of quadruplex DNAs for ligand binding. Figure S1 shows that under the cell-mimicking acidic ionic conditions, different versions of human telomeric i-motifs display much weaker improvement on the ThT fluorescence than human telomeric G-quadruplexes. In this case, ThT is unlikely to monitor the formation of i-motif structures in the context of large DNA nanoscaffolds. It may account for why i-motifs are rarely used together with their ligands as the light-up systems for DNA sensing and assembling, not as G4s did (7) (8) (9) (10) . 
S6
For engineering the desirable i-motif hybrids, we firstly sought to figure out how the flanking nucleobases influence the i-motif structures, as the potential effect of flanking nucleotides on the i-motif stability has been reported previously (11) . We append different nucleobases to the 5' termini of a previously used bimolecular i-motif C4T3C4 (iM8) (12) . Figure S3A shows that the most adjacent nucleobase especially adenine can obviously improve the thermal stability of the i-motif, mainly attributed to the stacking of nucleobases onto the C-C + base pair (11) . Similar phenomena are also observed when flanking nucleobases onto the 3' termini ( Figure S3B ). As the influence of the second and third bases becomes much smaller ( Figure S3A ), the best stable AC4T3C4A (AiM8A) is regarded as an ideal candidate and chosen for i-motif engineering. 
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Then, several nucleotide partners favorable for ThT interactions with pdDNAs (13) are appended to the 5' or 3' terminal of AiM8A, respectively. The resulting i-motifs display distinct ability to combine with ThT, reflected by a big difference in the fluorescence of ThT at pH 5 ( Figure S3A ) whereas no obvious change at pH 8 ( Figure S3B ). This pHdependent feature is usually observed in i-motifs interacting with ligands. (6, 14) By comparing these tested overhangs of iM8, we find that a tetranucleotide AGGA on both ends favors the interaction of i-motifs with ThT ( Figure S3C S8 Figure S4A shows that the 5'-overhang AGGA on tetramolecular i-motifs (C6 and C7) can sharply enhance the fluorescence of ThT, as there actually are four AGGA motifs in their tetramolecular structures ( Figure S4B ). For the unimolecular i-motifs (HTC21 and TTC21), however, there is only one AGGA motif on the 5' terminal of their folded structures. In this case, no remarkable enhancement on the ThT fluorescence is observed, as the i-motif core cannot be extended by single tetranucleotide. Hence, another AGGA motif need to be added into the second loops of these unimolecular i-motifs ( Figure S4C ), allowing the two supplemental motifs to be paired and therefore provide a ThT-interactive preference site just as the overhangs on bimolecular or tetramolecular i-motifs do. As a result, remarkably enhanced fluorescence of ThT is observed ( Figure S4A ). 
S9
We employed molecular dynamics simulations (MDS) to obtain a structural model of TiM9, as shown in Figure 1C . The MDS calculation results indeed show that it is not a typical duplex, stabilized by non-canonical hydrogen bonds ( Figure S5 ). The two T bases at the 5' end are highly flexible and hard to form hydrogen bonds. The second base pair G•G is bonding via N-H· · · N and N-H· · · O ( Figure S5A ). Another G•G is paired by two hydrogen bonds of N-H· · · O ( Figure S5B ). The A•A is paired via only one N-H· · · N hydrogen bond ( Figure S5C ). There is a very short distance (~ 3.03 Å) between the two G•G base pairs, while that is longer (~ 3.68 Å) between the G•G and A•A base pairs. The average distance between bases is 3.41 Å, which is close to that of classic B-form DNA duplex. It suggests that the stacking interactions mainly between two G•G base pairs are another important contribution to the thermal stability of this non-canonical DNA duplex. electrophoretogram for modulating i-motif heterodimerization with a pdDNA handle that directs a three-way junction (3WJ) (12) and Th46 to form a hetero nanostructure in pH 5 TAE buffer with 2 mM MgCl2. Here 3WJ is adopted in S12 place of Th58 due to a bigger difference between the electrophoretic mobility of their heterodimer and homodimers of 3WJ and Th46, which is easier for PAGE characterization. At pH 5, the bands of monomeric 3WJ and Th46 disappear entirely, and meanwhile a new band emerges who has a moderate mobility between the homodimers of 3WJ and Th46.
It demonstrates that TiM9 can guide the assembly of Th46 and Th58 into a heterodimer rather than a homodimer as reported (12, 15) , illustrating its promising use as a modulator for functional biomolecular dimerization that may be applied to some physiological processes (16) (17) (18) (19) (20) . (D) Comparison between TiM7 and TiM9 as the light-up systems for the pH-switched assembly of Th46 and Th58 shown in Figure 1B in the text. Although TiM7 shows a slightly higher enhancement on the ThT fluorescence than TiM9, the latter has a higher structural stability enough to link Th46 with Th58 to fully form a robust dimer at pH 5. So the TiM9 functionalized FNA system displays a better fluorescence performance for pH switching, ultimately, it's chosen in this study. Table S1 . Sequences of tetrahedrons used in this study. Th46-ade  TTCAGACGGAATGTGCTTCCCAAGTGTCGTTTGTATTGGCTCGCAT  Th46-fdc  TCAACTGGGTGATAAAACGACACTTGGGAATCTACTATGGCTCTTC  Th46- 
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